Abstract -Objectives: Brain atrophy is a common finding in alcoholics. Several mechanisms may be involved, including ethanol itself, malnutrition, liver failure, and, possibly, ethanol-induced hormone and cytokine changes. The aim of this study was to analyse the relation of brain atrophy-assessed by computerized tomography (CT) scan-and the aforementioned alterations. Methods: Serum insulin-like growth factor 1 (IGF-1), interleukin (IL)-6, IL-8, IL-10, TNF alpha, PTH, estradiol, free testosterone, and corticosterone were measured in 36 alcoholics, ten of them cirrhotics, who also underwent brain CT, which recorded the presence of cortical atrophy or cerebellar atrophy, Evan's, Huckmann's, cella media, bicaudate, cortical atrophy, bifrontal, and ventricular indices, and diameter of the third ventricle; subjective nutritional assessment, midarm anthropometry, and evaluation of liver function. Results: Patients showed marked alterations of all the CT indices compared with 12 controls, but poor relations between these indices and the other parameters analysed (IGF-1, handgrip strength and years of addiction with bifrontal index (P < 0.025 in all cases); PTH and Evan's index (r = 0.36, P = 0.032); mean corpuscular volume with cella index and cortical atrophy (P < 0.05). Cerebellar atrophy was associated with a greater daily ethanol consumption (t = 2.19, P = 0.034). Conclusion: Brain atrophy is frequently observed in alcoholics, but relationships with liver function, cytokines, nutritional status, and hormone levels are poor.
INTRODUCTION
Among the many brain alterations promoted by chronic ethanol consumption, brain shrinkage due to cortical atrophy is the most striking one. It is related to alcoholic dementia and to atrophy of the corpus callosum (Estruch et al ., 1997) , and although clearly dependent on age (Pfefferbaum et al ., 1992 ), brain shrinkage is more intense among heavy drinkers (Kubota et al ., 2001 ). Its pathogenesis is obscure, and probably, multifactorial (Nicolas et al ., 2000) , but it is at least partially reversible with alcohol abstinence (Gazdzinski et al ., 2005a) . Although altered blood supply may play a role (Oishi et al ., 1999) , other studies have found a relation with total ethanol intake (Estruch et al ., 1997; Ding et al ., 2004) , with concurrent cigarette smoking (Gazdzinski et al ., 2005b) , with sex (Mann et al ., 2005) , liver disease (Tarter and Alterman, 1984) , or nutrition (Cala et al ., 1983) . On the basis of these facts, in the present study we investigate computerized tomography (CT) assessed brain alterations in alcoholics, its relation with nutritional status, liver function, and with several hormones and cytokines altered in alcoholics.
PATIENTS AND METHODS

Patients and controls
We included 36 alcoholic patients consecutively admitted to our hospitalization unit due to withdrawal syndrome. All of them were heavy drinkers of more than 150 g ethanol/day for prolonged (>5 years) time periods. Ten patients were cirrhotics and 26, non-cirrhotics. The diagnosis of liver cirrhosis was established on clinical grounds, including liver ultrasound, scintigraphy, and biopsy when necessary. The mean age of the cirrhotics was 51.6 ± 10.3 years, and that of the non-cirrhotics, 47.2 ± 11.3 years.
The control group was composed of 12 patients who underwent brain CT studies during evaluation of headache and had a normal CT scan, drinkers of less than 10 g ethanol day, aged 41.33 ± 18.99 years (Table 1 ). Age differences among the three groups were not statistically significant.
After informed consent, all the patients and controls (Table 1 ) underwent a CT scan. Besides routine evaluation by a neuroradiologist, who recorded the presence or not of cortical atrophy and cerebellar atrophy, the following parameters (Amodio et al ., 2003) were determined (Figs.1-3):
Maximum width of the anterior horns of the lateral ventricles (HLV) in relation to the inner skull width at the same level (Bifrontal index).
Minimum width of the lateral ventricles (MLV) in relation to the inner skull at the same level (Bicaudate index).
Maximum diameter of the third ventricle. Width of both cellae media in relation to the inner skull at the same level, which corresponds to the maximum inner skull diameter (MISD) (Cella media index).
Evan's index (= HLV/MISD). Ventricular index (= MLV/HLV). Huckman's index (= MLV + HLV). Cortical atrophy (= sum of the width of the four widest sulci at the two highest scanning levels/MISD).
We recorded the presence or absence of ascites, encephalopathy, and body mass index (BMI). In addition, we determined handgrip strength with a dynamometer, triceps skinfold and brachial perimeter, with a lipocaliper and a tap, respectively, and also performed a subjective nutritional evaluation, as reported elsewhere (Santolaria et al ., 2000) . In addition, we performed a complete laboratory evaluation, including, among other parameters, serum bilirubin, prothrombin activity and serum albumin, and serum ASAT and ALAT, as well as platelet count and mean corpuscular volume (MCV). We also collected blood samples after overnight fasting. Samples were stored at −80
• until hormones and cytokines were determined (Table 2 ). Cytokines and hormones levels of the patients were compared with those of a control group composed of 19 healthy sanitary workers, aged 43.7 ± 9.23 years.
We determined TNF-alpha by immunometric chemiluminiscent assay (intra-assay variation coefficient ranging 4-6.5%, interassay variation coefficient ranging 2.6-3.6%, recovery 92-112%, Diagnostic Products Corporation (DPC), Los Angeles, CA, USA); IL-6, by chemiluminiscent assay (interassay variation coefficient ranging 5.3-7.5%, recovery = 85-104%, DPC, Los Angeles, CA, USA); IL-8, by chemiluminiscent assay (interassay variation coefficient ranging 5.3-7.5%, DPC, Los Angeles, CA, USA); IL-10, by enzyme immunometric assay (sensitivity = 3 pg/ml, inter-and intraassay coefficient of variation ranging from 3.9 to 7.3%; recovery ranging from 86 to 94%; DPC, Los Angeles, CA, USA); serum insulin-like growth factor-1 (IGF-1) (Chemiluminiscent assay, DPC, Los Angeles, CA, USA); estradiol (competitive immunoassay, DPC, Los Angeles, CA, USA), serum free testosterone (RIA, DPC, Los Angeles, CA, USA), free thyroxine, cortisol, and routine laboratory evaluation. The study protocol was approved by the local ethical committee of our hospital, and conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
Statistics
The Kolmogorov-Smirnov test was used to test for normal distribution, a condition not fulfilled by TNF-alpha, PTH, IL-6, IL-8, and IL-10. Therefore, non-parametric tests, such as Mann-Whitney's u-test and Kruskall-Wallis were used to analyse differences of these parameters between groups. Student's t-test, variance analysis and Pearson's correlation analysis were used with the remaining parameters, whereas Spearman's rho (instead of Pearson's correlation) was utilized in the case of non-parametric variables. Covariance analyses with age and creatinine were also performed. We also performed a stepwise multivariate analysis between brain atrophy and cytokines, hormones, liver function tests, years of ethanol consumption, daily amount of ethanol consumed, BMI, and age, in order to discern which parameters brain atrophy depends on in alcoholics.
RESULTS
All the indices were significantly different between patients and controls (Table 3) , differences which were especially marked regarding cortical atrophy, bicaudate index and cella media index. Also, differences were observed between cirrhotics and non-cirrhotics with respect to cella media index and ventricular index.
No relation was observed between brain atrophy parameters and liver function tests or serum hormone levels, except for IGF-1 and bifrontal index (r = −0.43, P = 0.014) and PTH and Evan's index (r = 0.36, P = 0.032). Bifrontal index was inversely related with handgrip strength (r = −0.41, P = 0.017) and years of ethanol consumption (r = 0.39, P = 0.021). MCV was inversely related with cella index (r = −0.29, P = 0.045) and cortical atrophy (r = 0.47, P < 0.001). Platelet count was related with ventricular diameter (r = 0.41, P = 0.018). No relation was observed between cytokines and parameters related to ventricular dilatation and cortical brain atrophy. Cerebellar atrophy was observed in 12 cases. It was related with the amount of ethanol consumed (236 ± 64 g among those with cerebellar atrophy versus 187 ± 59 g among those without cerebellar atrophy, t = 2.19P = 0.034). Also, no differences were observed between patients with and without cerebellar atrophy, and the different brain atrophy indices.
Cerebral atrophy was informed by the neuroradiologist to be present in 20 cases. No differences were observed between patients with and without cerebral atrophy and any of the parameters analysed. In Table 4 , we show the values of the different brain atrophy indices in patients with and without cerebral atrophy. Only the cortical atrophy index was significantly different among patients with and without cerebral atrophy.
Stepwise multiple regression analysis with the different indices of ventricular dilatation and brain atrophy revealed that cella media index was related only with bilirubin (r = 0.43, P = 0.012); bifrontal index, with age (P = 0.004) and handgrip strength (P = 0.034), in this order; and Huckmann's index, with age (r = 0.45, P = 0.008). Finally, by logistic regression analysis, daily ethanol consumption was the only parameter that showed an independent, significant relationship with the presence of cerebellar atrophy (P = 0.032) .
DISCUSSION
The values obtained for the CT variables of our control population are in agreement with those reported for normal individuals (Gyldenstedt and Kosteljanetz, 1976; Hahn and Schapiro, 1976; Gyldenstedt, 1977) . From our data, it is clear that alcoholics show highly significantly different CT values than the controls. This result is in agreement with others reported in the medical literature. In fact, brain atrophy has been widely described in alcoholics, especially in cirrhotics, both by CT scan (Zeneroli et al ., 1987) and MRI studies (Tuluvath et al ., 1995; Mukamal et al ., 2001) . The more intense changes observed in cirrhotics may be due either to the more advanced age of cirrhotics in relation to noncirrhotics, or to the possibility that cirrhosis is a risk factor for brain atrophy (Bernthal et al ., 1987) . Undoubtedly, age is a risk factor for brain atrophy in alcoholics (Pfefferbaum et al ., 1992) , as we have also shown in this study. However, some authors have reported a relationship between liver function and CT brain alterations in non-alcoholic cirrhotics (Tarter et al ., 1986) . Therefore, liver function impairment seems to play a role on brain atrophy. Although, in our study, the interpretation of the differences observed between cirrhotics and non-cirrhotics may be obscured by the low number of liver biopsies (only 4 cases), the relationships between brain atrophy indices and liver function are poor: only bilirubin shows an independent relationship with an index which estimates ventricular dilatation, as the cella media index; the CT indices were not significantly different in cirrhotics and non-cirrhotics (besides cella media index and ventricular index), and there was no relation between Child-Pugh score and CT indices.
Some indices, such as bifrontal index and cella media index, and cerebellar atrophy, were related with ethanol consumption or with parameters related with chronic ethanol consumption, such as MCV, years of ethanol consumption, and daily amount of ethanol consumed. Indeed, chronic alcoholism is a risk factor for atrophy (Acker et al ., 1982; Nicolás et al ., 2000) , although alterations related to the peculiar lifestyle of the alcoholic, with vitamin deficiency (Joyce, 1994) , trace elements (Maeda et al ., 1997) and hormone alterations may also play a role (Menzano and Carlen, 1994) . In this study, we have tested the possible relation between altered sexual hormone levels and brain alterations in alcoholics. Controversy exists about the relation of sexual hormones and brain atrophy, some authors pointing to the existence of a positive correlation between testosterone and estradiol levels and volume changes in different areas (Lessov-Schlaggar et al ., 2005) , whereas others have described a relation between high testosterone and brain atrophy, and high estradiol and lacunar disease (Irie et al ., 2006) . In our study, neither testosterone nor estradiol showed any relation with ventricular dilatation or cortical brain atrophy. Neuroprotective effects of IGF-1 have been described (Carro and Torres-Alemán, 2004) , and a relation between cognitive impairment and serum PTH has been reported (Jorde et al ., 2006) . Our results, showing an inverse relationship between IGF-1 and bifrontal index, and a direct one between PTH and Evan's index, are in agreement with these findings.
Several lines of evidence support a role of proinflammatory cytokines on brain injury (Lanzrein et al ., 1998; Stefanova et al ., 2003) and cerebellar atrophy (Journiac et al ., 2005) . Yamauchi et al . (2001) described an association between polymorphisms of TNF-beta and brain atrophy in alcoholics. Alcoholic liver disease may be considered an inflammatory condition (Sánchez-Pérez et al ., 2006) , and several proinflammatory cytokines may persist elevated even in abstinent patients, beyond the acute episode which prompted hospital admission (Crews et al ., 2006; González-Reimers et al ., 2007) . However, in our study, no relation was found between any of the cytokines analysed and CT variables.
Malnutrition is frequently observed among alcoholics (World et al ., 1985) , and may play a role in brain and cerebellar atrophy (Nicolás et al ., 2000) . However, our results do not support this; we only found a relation between bifrontal index and handgrip strength, a finding, which can be also interpreted as a consequence, rather than a cause, of brain atrophy in relation with motor neurone loss.
Therefore, we conclude that brain atrophy is frequently observed in alcoholics. Although we found some significant relationships between ethanol consumption, some hormones, handgrip strength, and bilirubin with some of the CT indices, overall, the relationships between brain atrophy and liver function, cytokines, nutritional status, and hormone levels are poor, suggesting that perhaps other factors (genetics, vitamins, and micronutrients) may be also involved in its pathogenesis.
